Objectives: The aims of this study were twofold; 1) to compare the physiological costs of AVGs and 26
SVGs and 2) to compare the exercise intensities attained during AVGs to the exercise intensity 27 criteria for moderate and vigorous physical activity, as stated in current physical activity 28 recommendations for improving public health. 29
Materials and Methods: 19 young males participated in the study (age: 23 ± 3 years, height: 178 ± 6 30 cm, weight: 78 ± 15 kg). Participants completed a V ሶ O 2max test and a gaming session, including active 31 video games (AVGs) (Reflex Ridge, River Rush and Boxing, Kinect ™ ) and sedentary video games 32 (SVGs) (FIFA 14 and Call of Duty). Heart rate (HR) and oxygen uptake (V ሶ ሶ O 2 ) were recorded 33 continuously during all video games. Rating of perceived exertion (RPE) was taken every 3 minutes 34 during AVGs and SVGs. Energy expenditure, expressed as metabolic equivalents (METs), was 35 calculated. One MET was defined as the volume of oxygen consumed at rest in a seated position and 36 is equal to 3.5ml O 2 per kg body mass per minute. The exercise intensity for each game was expressed 37 as a percentage of maximal oxygen uptake (%V ሶ O 2 max ) and percentage of age-predicted maximum HR 38 (%HR max ). 39 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Physical inactivity is the fourth most important risk factor for chronic, non-communicable 50 disease accounting for 6%, 7% and 10% of the burden of disease for coronary heart disease, Type II 51 diabetes and breast and colon cancers respectively [1] [2] . Additionally, physical inactivity contributes to 52 obesity 3 , depression 4-5 and dementia 6 . Despite strong empirical evidence supporting the benefits of 53 physical activity on a range of health outcomes, many young adults in the UK 7 , and worldwide 8-9 , do 54 not meet minimum physical activity recommendations. Current physical activity guidelines [10] [11] [12] 55 suggest adults should engage in at least 150 minutes, accumulated, moderate intensity physical 56 activity per week with moderate intensity exercise ranging between 4.8-7.1 metabolic equivalents 57 (METs) for young healthy males 12 . However, in today's society there is becoming an increase in 58 sedentary behaviour which is referred to as sitting and lying activities that require low levels of 59 energy expenditure (EE) [13] [14] and have metabolic equivalent (METs) levels between 1 and 1.5 15 . In 60 particular seated video gaming can be classified as a sedentary behaviour 16 . It has been reported that 61 in the UK, video games are played between 3-7 times per week, with each session lasting on average 62 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Currently, sedentary activities, including SVGs, are a public health concern, which must be 126 addressed especially in the young. The use of AVGs may be a potential solution to the problem. 127
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Minute ventilation (V ሶ E ) and the volumes of oxygen consumed (V ሶ O 2 ) and carbon dioxide produced 165 (V ሶ CO 2 ) were recorded. The respiratory exchange ratio (RER) was expressed as the ratio of V ሶ CO 2 to 166 V ሶ O 2 . Expiratory flow volume was measured using a digital volume transducer (Triple V ® turbine). 167
Prior to each test equipment was fully calibrated according to manufacturer instructions. Following a 168 60 minute warm up period, the electro-chemical O 2 cell and the CO 2 infra-red analyser in the 169
Metalyzer 3B online system were calibrated against room air and a reference gas of known 170 composition (5% CO 2 , 15% O 2 and 80% N 2 ). Volume was established using 5 inspiratory and 5 171 expiratory strokes using a 3-L calibration syringe (Cortex, Biophysik, Leipzig, Germany). 172
Participants were individually fitted with an appropriately sized oro-nasal face mask (Hans Rudolph, 173 USA) with low dead space volumes. 174
Immediately prior to the continuous, incremental exercise test to volitional exhaustion, participants 175 completed a 10 minute warm up at a self-selected pace on the treadmill (Woodway, USA). The initial 176 running velocity for the maximal exercise test was set at 2.77 m.s -1 (10 km . h -1 ). Treadmill velocity 177 was increased by 0.28 m.s -1 (1 km . h -1 ) every 3 minutes until volitional exhaustion. The treadmill 178 gradient was maintained at 1% throughout the test 33 . HR and expired air were continuously recorded 179 throughout the protocol and rate of perceived exertion (RPE), (Borg Scale 6-20 34 ) noted in the final 180 10s of each stage. Perceived exertion was defined as how hard participants felt their body was 181 working in general based on the physical sensations they may experience during the activity, 182 including increases in HR, respiration, breathing rate, sweating, and muscle fatigue. The 15 point 183 numerical scale is supported by verbal descriptors, where 6 is defined as "no exertion at all", 11 184 "light", 13 "somewhat hard", 15 "hard (heavy)", 17 "very hard" and 20 "maximum exertion"). RPE 185 values between 12-13 and 14-17 equate to "moderate" and "vigorous" intensity exercise respectively 186 (ACSM, 2011). Participants were verbally encouraged during the test. The test was considered a 187 were continuously measured and RPE recorded every 3 minutes during game play and an average for 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
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Descriptive data for the physiological responses observed during the individual AVGs and SVGs are 212 presented in Table IV . 213
Cardiorespiratory responses (HR) during individual SVGs and AVGs was significantly higher than 214 resting value, respectively (p <0.05) (Table IV) Boxing and Kinect™ Xbox River Rush (Table IV) 
=0.17) or Xbox Kinect™ River Rush and Xbox Kinect™ Boxing (p =0.124). 227
Mean RPE for each AVG ranged between 'moderate' (11 ± 2 Xbox Kinect™ River Rush,) to 228 'somewhat hard' (13± 2, Xbox Kinect™ Reflex Ridge) and were significantly higher than the mean 229 RPE reported for both individual SVGs (mean RPE 6 ± 1, 'no exertion at all' Xbox Kinect™ Call of 230
Duty and Xbox Kinect™ FIFA 2014,). 231 232

Public Health Recommendations 233
The main findings from our study reveal AVGs were performed at a higher mean exercise intensity 234 (68 ± 11 %HR max , 47.4 ± 12.5 %VO 2max ,7 ± 2 METs and 12 ± 2 RPE) compared to SVGs (38.5 ± 235 6.5%HR max , 9.65 ± 2% VO 2max , 1 ± 0 METs, and 6 ± 1 RPE p <0.05) and meet the "moderate" 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table IV) . All participants were physically active in relation to current guidelines 238 (ACSM, 2011) exercising to moderate intensity 3-5 times per week for at least 30 minutes. 239
For individual games during AVG, Reflex Ridge emerged as the most intense of all of the games (72 240 ± 9, %HR max , 54.5 ± 13.6 %V ሶ O 2max ; 8± 2 METs; and RPE, 13 ±2). This represented the moderate 241 intensity physical activity category for all variables, except for METs, which fell into the vigorous 242 intensity category, using ACSM (2011) criteria for both the general population and the young adults 243 population (20-39 yrs) respectively (See table I). Boxing was the next most intense game with data 244 similar data to Reflex Ridge: moderate exercise intensity category for % HR max (69 ± 12%), % V ሶ O 2max 245 (54.4 ± 12.3%) and RPE (12 ±2 units); and vigorous intensity exercise for METs (7 ± 2). River Rush 246 was the only AVG, which had variations between light and vigorous intensity exercise. Light intensity 247 exercise was demonstrated for % V ሶ O 2max (41.4 ± 11.5%) and RPE (11± 2 units). Moderate intensity 248 exercise was demonstrated for % HR max (64 ± 11%) and METs fell between moderate (aged related) 249 and vigorous (general population) at 6 ± 2. For both the SVGs, exercise intensity was deemed very 250 light on all variables (See Table I ) 251 252
Discussion 253
The aims of this study were (1) to explore the physiological responses of AVGs and SVGs in 254 young healthy males and (2) compare exercise intensities attained during AVGs and SVGs to the 255 exercise intensity criteria for moderate and vigorous physical activity stated in current physical 256 activity recommendations for health gain. This was the first study to directly compare physiological 257 responses of active and sedentary video gaming. 258
Exercise intensity data for AVGs and SVGs show that AVGs meet the current moderate, physical 259 activity criteria for young healthy males [10] [11] [12] (Table IV) . Our data suggest SVGs elicit "low" intensity 260 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Physiological cost of exergaming "light activity" as <3 METs and running was the only one that produced moderate intensity exercise 289 (5.6 ± 1.4 METs), however it should be noted that this was in a sample of young boys. The MET of 290 running was similar to the levels we report in the current study for the Xbox Kinect™. Irrespective of 291 game, METs ranged from 6-8 ± 2 METs showing moderate intensity exercise can be achieved using 292
AVGs in particular the Xbox Kinect™. 293
Although our results are promising and this is, to the knowledge of the authors, the first study 294 to compare the physiological costs of active video gaming using the Kinect™ and sedentary video 295 game play, there are a number of important limitations to consider. The research was carried out in a 296 controlled laboratory environment, whereas exergames are primarily designed for home based 297 activity. Knowing they were being observed and their data recorded, participants may have expended 298 more energy than may be exerted in the unobserved home environment. The sample size was small 299 and researcher bias cannot be ruled out with a convenient sampling strategy. Generalization is 300 Results showed that 58% of them met physical activity guidelines for minimal exercise intensity. On 306 average more children (68%) played SVGs compared to 55% playing AVGs. Although encouraging 307 to observe in a large sample that a greater proportion of children are playing AVGs, SVGs are still 308 being played for longer, and even those with access to AVGs, played them in a sedentary mode. 309
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Introduction
The introduction has had a rewrite to ensure a more logical and concise argument. Tables  Included overall mean ± SD to Table III, due to  additionally adding a table for ACSM guidelines  this is now Table IV Reviewer 2 L. 121-122-Explaining that AVG has been compared to SVG gaming previously.
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